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Description of fatty acid biosynthesis pathway
based on quinoa transcriptome
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Abstract ; Quinoa is rich in nutrients, high in oil content and ideal in fatty acid composition. It is a potential resource for
oil extract. Plant oil is mainly stored in crop seeds and fruits in the form of triacylglycerol, and the biosynthesis of oil is

catalyzed by a large set of enzymes and regulated by both environmental factors and related genes. In addition, the

KRB H: 2019-06-03

EL£WB: HRAARBIE S (31701493) 5 4k A A T 2% M T 5 o5 52 36 = JF R (2018CC12) [ Supported by the National

Natural Science Foundation of China (31701493) ; Fund of Key Laboratory of Coarse Cereal Processing, Ministry of Agriculture and Rural

Affairs (2018CC12) ],

EF R /MR (1988-) 55 INARARE N, W YR, 2GR A 5 0 T A2 W 2= WFE , (E-mail) shixiaodong@ cdu.edu.cn,
CESEE . BN, B, RS IR R AR AR R 50 T, (E-mail ) zhaogang@ cdu.edu.cn,



1722 OO0 M W

synthesis and storage of oil involve plastid, endoplasmic reticulum and oil body. The molecular mechanism related to the
synthesis of quinoa oil will provide a basis for breeding of oil-quinoa. In this study, the transcriptome of quinoa was
analyzed. Based on quinoa transcriptome data, genes involved in fatty acids biosynthesis were explored, and the
expression pattern of quinoa genes related to acetyl CoA carboxylase and B-ketoacyl ACP synthase were analyzed. The
results were as follows: There were 87 genes related to fatty acid biosynthesis in quinoa, involving key enzymes such as
acetyl CoA carboxylase and B-ketoacyl ACP synthase. The number of long-chain acyl-CoA synthetase gene was the most,
followed by the B-oxoacyl-ACP reductase gene. Through pathway enrichment analysis, all of these differentially
expressed genes were classified into pathways including fatty acid biosynthesis and fatty acid metabolism which were
involved in oil synthesis. Based on gene expression pattern analysis, it was found that the genes related to fatty acid
biosynthesis showed up-regulation in quinoa seed, which was closely related to the production and accumulation of oil in
seed. The accD gene was not differentially expressed between different tissues, indicating that the 3-CT subunit may not
be a limitation affecting factor for the function of acetyl-CoA carboxylase. The a-CT protein encoded by accD gene, with
no signal peptide and was a hydrophobic protein. However, B-CT was a hydrophilic protein. KAS Il contained a
conserved domain, and QcFbl15, QcFb45 and QcFb75 were up-regulated in seeds, which were related to the chain
extension of quinoa fatty acids and oil formation. The excavation of genes related to fatty acid biosynthesis pathway of

quinoa will provide a theoretical basis for the study of the synthesis and accumulation of oil, and it has important

40 %

enlightenment for the follow-up research of high oil quinoa varieties.

Key words: quinoa, transcriptome, fatty acid biosynthesis, different expression genes
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Table 1  Annotation results of new genes in quinoa
T B bl A R L
Annotated database New gene number
CoG 519
GO 1 827
KEGG 1161
KOG 1 855
Pfam 2 160
Swiss-Prot 2 315
ezeNOG 3 454

Nr 5578

22 EEREMBERREREFIZHE
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Table 2 Gene information of enzymes/protein related to fatty acid biosynthesis in quinoa

KEGG %% E. C. 4% HH 4 =B SPEH

KEGG code E. C. code Gene name Protein name Gene number
K00059 1.1.1.100 JfabG B-oxoacyl-ACP reductase 13
K00208 1.3.1.9 fabl Enoyl-ACP reductase 1 3
K00645 2.3.1.39 JfabD ACP S-malonyltransferase 2
K00648 2.3.1.180 SfabH B-Ketoacyl-ACP synthase III 4
K01897 6.2.1.3 fadD Long-chain acyl-CoA synthetase 20
K01961 6.4.1.2 accC Acetyl-CoA carboxylase, biotin carboxylase subunit 2
K01962 6.4.1.2 accA Acetyl-CoA carboxylase carboxyl transferase subunit alpha 7
K01963 6.4.1.2 accD Acetyl-CoA carboxylase carboxyl transferase subunit beta 3
K02160 - accB Acetyl-CoA carboxylase biotin carboxyl carrier ptotein 5
K02372 4.2.1.59 JabZ B-Ketoacyl-ACP dehydratases 2
K03921 1.14.19.2 Sfab2 Acyl-acyl-carrier-protein desaturase 6
K09458 2.3.1.179 JabF B-Ketoacyl-ACP synthase I 7
K10781 3.1.2.14 FATB Fatty acyl-ACP thioesterase B 6
K10782 3.1.2.14 FATA Fatty acyl-ACP thioesterase A 5
K11262 6.4.1.2 ACAC Acetyl-CoA carboxylase/biotin carboxylase 2

18:1-ACP—————> 18§:1
FAT

up 2, down 0 up 2, down 1
AAD
up 2, down 0 2>
MAT 18:0-ACP FATﬁ 18:0 LACS
Malonyl-CoA —> Malonyl-ACP
up 2, down 1 up 2, down 4
up 7, down 3
ACCase Ld 1
UP L GOWIE - 16:0-ACP———> 16:0
KAS I/l FAT
Acetyl-CoA up 3, down 0 /:\ up 2, down 1

KAS I '

1

Acetoacetyl-ACP :

Butyryl-ACP
up 3, down 2
KAR EAR
up 0, down 0
R-3-Hydroroxy butyryl- — > Byt-2-enoylo-ACP
ACP HAD
up 0, down 0

up Al down 735l FR 7R 515 I AH LB SR8 S DI H B AT AR AH |

up and down mean up-regulated gene and down-regulation gene numbers comparing seeds with leaves, respectively.

K1 B NRMITR A=Y A faf P

Fig. 1 Overview of fatty acid biosynthesis pathway in quinoa
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Table 3 KEGG enrichment of different expressed

genes between seeds and leaves of quinoa

SE

KEGG i ko %ifh  #H  PME
KEGG pathway ko code  Gene P value

number
Starch and sucrose metabolism ko00500 147 0
Photosynthesis-antenna proteins ko00196 27  1.99E-13
Photosynthesis ko00195 57  3.37E-13
Carbon metabolism ko01200 159 2.26E-12
Carbon fixation in photosynthetic organisms  ko00710 52 2.32E-08
Glyoxylate and dicarboxylate metabolism  ko00630 53 3.08E-08
Phenylpropanoid biosynthesis ko00940 130 2.84E-07
Glycolysis/ Gluconeogenesis ko00010 72 9.22E-07
Cutin, suberine and wax biosynthesis ko00073 28  7.21E-06
Fatty acid metabolism ko01212 49  1.42E-05
Nitrogen metabolism ko00910 20 2.06E-04
Tyrosine metabolism ko00350 33 3.01E-04
Propanoate metabolism ko00640 26 3.72E-04
Porphyrin and chlorophyll metabolism ko00860 34 4.32E-04
Tropane, piperidine and pyridine k000960 19  4.58E-04
alkaloid biosynthesis
Isoquinoline alkaloid biosynthesis ko00950 18 4.77E-04
Pentose phosphate pathway ko00030 31 4.85E-04
Alanine, aspartate and glutamate metabolism k000250 30 5.44E-04
Glycine, serine and threonine metabolism k000260 42 6.84E-04
Fatty acid biosynthesis ko00061 32 6.93E-04

37.51(/INF 40) , FEAKMENT 0, N ZE ZE o-CT L
FKPERRIRE A I £, RN EEH, B-CT I
FEE LR H N 237 ~ 369, B HL 5 N 4.75 ~
7.66; I57 Z BN 94.64 ~99.08 , #4/N T 100 3 K
PEH 0.01~0.10, #EM B-CT Ky 6K MR & 1 H
ARaE BB N 32.74~45.59 Fa @tk BoA 2 5.
i 3 A S I, CT e A A7 AE (S 5 K147
SRR E A

W IR TR 7 b ik i 5 H AL U i Rk
EIEATPIPIXT A B, 11 AR A Rk & B
VIR BRI B-CT WA aceD FEH L2 73R A
A, H AT G i 5 DR 49 7 32 2 S [ 41 4L R) A 7
ZHREIB(FRS), SHAL 4 ML, QcFbT6
(accC) QcFb8 (accA) . QcFba6 (accB) 3 [H 7 # ¥
IR BN BRI 5t R AL, B QcFb52

40 %
P 50 7
= [ £ Up-regulated 0 Tif Down-regulated
s |4
:
Ne)
5 30 |
= 11
£
20 39
31

i
Y 10 4 22
®
iy
b 0

TIXEETS  T2xfbET5  T3xtEETS  T4XtEETS

T1 vs T5 T2 vs T5 T3 vs T5 T4 vs T5

P2 B TR 2R g 107 R A= ) 5
AR 22 RIS
Fig. 2 Different expression genes (DEGs) of fatty acid

biosynthesis in different tissues of quinoa

(aceB) TEFPF 0 T P8 3K | X & 42 9045 2] o —
B 1A N IR R Iy 6 SRR 1 Rk AR
B ¥ kAR, BRI R
Fri ACCase F2ik s AHXT HAB A LU, A A T F0 7
TR TR 16 A R, R R R TR A R AR R 4
HEZMIEY .
2.5 B-ERAAEEE ACP & B BE( KAS) & #f

0 B 17 P 1) 5 2 A R s e - S 1 4
¥ C2 45 I N N ) B i R B, 40t 2K
PEIR I WA )ik B 1< 3 0 g 1D 82 , BT i Bk ACP
A R (KAS) 1 R i Tk 3% 2544, 76 BRI R & A
RIFEBEEEMIEM, 7EREE T e 1 11 4> KAS
FH AL E A, Hd 7 4 fabH FEH i KAS T 4
A fabF HEH iy KASTL (R 6) . s HAEWIE R
B X EEAE KAS 5 A 11 38 Ak o a4 F) 5k
B, gt KAS T & 3L 5 H hy 185 ~ 549, g 4F
HLE N 5.95~7.99, 4 D KASTT AFEERRBUNT
40,3 4~ KAS I KF 40, Hfa @ A7 76 2 55 Ig I
ZB/NT 100, #E KAS T M IEE &, SignalP
S AT, QcFb47 Fl QcFt53 FE1ES 5 )ik
AL HEM AT R8N 43 W B 2 1, o KAS TR dE 4
WHRIE A, X KAS I 5 % & B AL P 54 B &
W, 25 v KAST 2 (R B0 = — 20k, A%
ERSERYEIRIEE A, KASTTZE A bt R 46 I 2
HRK, WO AE IR, WEEE KASTLF
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Table 4  List of 57 ACCase genes in quinoa
e sy NOWERCEARE eneme s memmn TREC yp
Gene ID Gene name hromosoma rotemn Mw I Tnstability index 1l AliPhatic GRAVY
location length index

QcFb66 accC Chrl4 539 58 319 6.84 35.63 85.4 -0.10
QcFb76 accC Chr03 547 59 640 7.18 34.81 88.1 -0.16
0cFb8 accA Chi01 725 81 428 8.91 33.64 95.43 ~0.41
QcFb26 accA Chi01 513 57 197 8.35 40.6 101.19 0.02
QcFb67 accA Chi01 691 78 258 9.14 36.45 92.21 -0.47
QcFb68 accA Chr10 736 82 591 8.63 35.96 93.46 -0.43
QcFb72 aceA Chr10 727 81 421 8.94 37.51 89.63 -0.51
QcFb77 aceA Cht05 712 79 848 8.54 36.53 91.24 -0.52
QcFb79 accA Chi02 560 62 351 8.08 35.81 90.79 -0.50
QcFb10 aceD Chi01 369 41276 7.66 45.59 99.08 0.10
QcFb13 aceD Chr07 353 38 254 4.97 32.74 97.2 0.01
QcFb63 aceD Chr03 237 25 851 4.75 41.33 94.64 0.05
QcFb24 aceB Chi08 273 28 784 6.44 62.73 78.97 -0.30
QcFb35 accB Chr10 226 23 634 5.77 71.61 75.58 -0.25
QcFba6 accB Chr10 273 28 819 6.53 62.68 83.26 -0.26
QcFb52 aceB Cht09 223 23322 5.77 67.74 79.24 -0.19
QcFb87 aceB Chi08 256 26 799 9.38 76.02 78.59 -0.20

GG R o BT 2 B, & A A X AR SF 9 KAS T 45 #
GPNYSISTACATSN (F/H/Y) CI; [a] i, 22 % KAS I
JEH) N Ui 2 3L R )7 9 A7 8 22 51, C Im & 5L R )7
A RS (1 3) o

W AR Pl v 3R 5k i 5 A 4L 2P ) A
ST R B, BR QcFb30 Ak, HiAlh KAS 4
I RAE R 7 rh B R AEAE R RE; 5ot A A
W, AN (QcFb29) FE A1 v il BT 0k | X
SEIZIRB G ME— ) T RGE R (R 5), MER
FIRFEH AT 0T, SRAM L, 10 3L LR
ik HEEM M, 8 AN Dy IR ERIA  AE M RITAE A
L ARIRMIEHEH 4 6 4, 5 HAh 4
MNHLAM LG, LT T o QcFb15  QcFb45 | QcFbT5
QcFb51 FEH RN FKIL, FiRGFREY],
FERD T KAS % % 35 [H] 3R 36 o AR X I Al 41 20
o, A R T AT IR R Y SE K, SR S A R AR
B

3 WwsE®

ARFEAE B BL N B O &4l B2 4y
LR W 0 5 B AE X 55, D Ae 2 R BSR4 A
FER A BT 58 (Jarvis et al., 2017; Zou et al.,
2017) T2 R H AR AR, R HUE &, W AE
L P[] PN AR A5 R o s DR 3 3 B0, A b G Al vy
HAERNR BB R TR AR RMIEHE, &
TENIAR A% B 55 7 il A ) 04 i 7 IR & i A2 42 1
T 2 R s F(BRE45, 20135 #7045, 2017)
AHFFER FHZREZE 5 M 2L (AR 25 FERTFR )
e SR o B E DN T B Q30 Bk A A kB R T
92% , Xt BB I N H R KT 92% , LKW ¥ 511
J 0T f 3k B % S A Ay A B SR [ B 3 R
X LT 24842 T 7 46 1B K F 5, I A
5 6231 AL S BN R, BB A 42 40 v] BE 5



1728 OO0 MW 40 %
R5 BERFALAE ACCase #1 KAS EEREHH
Table 5 Analysis of gene expression of ACCase and KAS genes in different tissues of quinoa
M D BLIH 24 FK T1 %t T5 T2 St T5 T3 Xt TS T4 St T5
Gene 1D Gene name T1 vs T5 T2 vs T5 T3 vs T5 T4 vs T5
QcFb66 accC 94 Uup 38 up 1E# Normal 194 Up
QcFb76 accC 4 Up L Up L8 up 9 Up
QcFb79 accA i Up 8 Up 1E % Normal i Up
QcFb72 accA 9 Up 1E# Normal 1E# Normal -9 Up
QcFb77 accA i Up 94 Up 1E# Normal 1E# Normal
QcFb8 accA L Up F# Up 38 Up 8 Up
QcFb67 accA i Up 8 Up 4 Up 1E % Normal
QcFb68 accA 15 Up E# Up F% Up 1E%H Normal
QcFb26 accA 1EH Normal 1E# Normal 1E % Normal 1E# Normal
QcFb63 aceD 1E# Normal 1E % Normal 1E# Normal 1E % Normal
QcFb13 accD 1EH Normal 1E% Normal IE# Normal 1E% Normal
QcFb10 accD 1E%H Normal 1E% Normal IE# Normal 1E%H Normal
QcFb46 accB 13 Up L3 Up 3 Up 3 Up
QcFb24 accB 4 Up 1EH Normal 8 Up 4 Up
QcFb87 accB 1EH Normal 1E% Normal 4 Up 1EH Normal
QcFb52 accB 1E% Normal 1E% Normal T4 Down 1E% Normal
QcFb35 accB 1E% Normal L% Normal 1E % Normal 1% Normal
QcFb15 JfabH 198 up L34 up L Up 4 Up
QcFb23 fabH 94 Up i Up IE# Normal 4 Up
QcFb4s fabH L8 up 3 Up L8 up L8 up
QcFb75 fabH 8 Up i Up - Up A Up
QcFb33 fabF 4 Up 1E# Normal IE# Normal 1EH Normal
QcFb29 JabF 9 Up 19 Up N Down iE# Normal
QcFb51 fabF i Up 4 Up - Up M Up
QcFb58 fabF 4 Up 3 Up IE% Normal L8 up
QcFb47 fabF i Up 1% Normal IE% Normal I Normal
QcFb53 fabF i Up 8 Up 1E % Normal 1E# Normal
QcFb30 JabF 1E % Normal 1E# Normal 1E % Normal 1E# Normal

Fh e+ N2 2 2% BL DR 20 I o o 55 s DR G 2
e S B AT S SR A EE . e G AR
WL R 2, W R 2 AR, R R 29 A
I 15 R 3B A< | A M 1R 2 A R, il 1l A AR 3 A o
T BRIIR A5 W & 1 ad 12 J2 T AR B AR 3T i) i A4
( White et al., 2005) , i1 Xt 32 22 5% 5% 4 %5 4
17 KEGG HIRE T RE, 4248 15 3 7 2242 Mg Wi W2 A= )
HRGER GRS 5] 87 KDL HFH, ML
AR 424 45 ) 4 5 S R B AR XA

WNTEMAR v 3 B 54 SRS AZE TR IR A= W)
BRE R (BR R, 2013), 16 T 35 K % i
( Skeletonema marinoi) FAZYE1FE) T NR TR 4= ¥ &
BB AR G (4 B S AR 33 A, 4B 26 G (5K A
55,2018) , X AIRE S AR IR AE Y & Bk 42 14
PERIR E A

Xt 2R A by 5 H A 2 IR U R A ) & s A
PR R 3R 3K 1% HEAT P X L R I, 22 S Ak D 3R A
DA, o S R L, oy b L ik g
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Table 6 List of 11 KAS genes in quinoa
oot e o o . b e g S
name location length Instability index II index

QcFb15 JfabH Chrl3 386 40 638 6.07 47.69 94.09 0.11
QcFb23 JfabH Chr08 391 41 750 6 44.46 90.84 0.02
QcFb4s JfabH Chr09 391 41 874 5.91 44.07 92.33 0.01
QcFb75 SfabH Chrl6 406 42 720 6.14 45.49 90.89 0.09
QcFb29 JabF Chrl5 468 49 788 6.6 34.88 86.58 0.04
QcFb30 JabF Chrl5 185 19 043 5.95 27.38 90.86 0.21
QcFb33 JabF Chr00 469 49 864 6.99 36.77 84.95 0.03
QcFba7 JabF Chr01 543 58 278 7.48 39.47 77.48 -0.08
QcFb51 JfabF Chr01 4717 50 943 7.99 43.03 81.22 -0.12
QcFb53 JfabF Chr02 549 58 915 6.53 40.1 78.23 -0.06
QcFb58 JfabF Chr02 4717 50 925 7.95 43.87 81.43 -0.10

HEHRED, PHRIENBEHRZ, BENE
(2018 ) XJ ZEAZ A [] A= 5 ALIE D7 & & 47000 5
SRR W 2E 22 i LR 7 & B U A T it
FRURERL Hh ZEFF R AR A5 2 SO A T 2R AR i
Hu R M pc b iRl & 2 5 AR & (P<
0.05) . Xk BH 22 32 AN [) 41 205 53 40 1) 4 B 285 SR
55 PRAIF 5T 45 SR A — B,

TEMAG G B RS 7 R AR W 6 LR AR 2 B AT
T i Ec HIE W AR AL (Tran et al., 2014) , aceD &
il 29 B ACCase 1 /K- 1 SCHEHI 29 R 5, A A
FEAE R R WY T o 7 SE I R B aceD R IA 2
& T BUAR ACCase 7KF IR 5 1R M R g D7 2 & & (1Y
P& RNGE AT B A I, AEFFRL B 7 R B I AR
Ak (Sasaki et al., 2001; Madoka et al., 2003), X
A NG IR W) G Bk A BE R AT o0 A TR RE
CTATTE A SR AT 2H A 5C Y 56 A vp | 55 H A 20
ZUR L, Bl 11 aceD BRI R J HE 22 53 43k . KAS
HEALRE TR -5 WA 4 5 S, AR Ay I T 4k 28 4%, %of
JIE W7 R & A J 3 RO PR G HZEAE T, KAS T
SR SR TR A A%, KAS IT 2 8 fh 4 90 o el 1 1) i
JE T B A ok A 118 O S T, XoF o T i A Wl R
B PEAE R, AN A 5 R i AR IR A 0 M A0 AE
Wi A K & E % YA S (Carlsson et al., 2002) ,

TEREZ A LU L, 77D 7 b KAS TT 4
B fabH YR B FIR T RE BRI & B 5 A
Ando et al. (2002 ) X} 22 2 ¥ ki g 7 12 25 B i3 A 5
SEREHT 18 TR UGN RRIL = T 16 B 20 WG s
MR, SEEE TN T fabH R IEBA B, 4G
B Az 27 e DR 20 R i S A B A, o B A7 g i e A=
Y6 g AR BEAT 4 A, WA T MR 0 R A= W) & ik
FAHKREE P Mt A5 B, IR AW R AL R
TRRIE L 1) 53§ HL B SR A T R S A W o i b
A MNRIE W R YOG R AT BE0E 1 LA

SE MK
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QcFb29 QVRRI LPSRFNLTRLLSSSTTTTTSSSSS. HRRRV 38
OCED30 o5 in i vn vl vh o i o8 e e aa e e ar R e 0
QcFb33 QVRRTLPSRFHLTRLLSSSTTTTTSSSSSSHRRRV 39
QcFb47 RSNRALHSGRANAVAVEPSVMEVTSNKKPVTKQRRV 134
QcFb51 RPSKCKSSNRVSFTPRASS QVAVAPKRETDPKKRV 67
QcFb53 'RSYRALHSGKANAVAVEPSVMEVTTNKKPVTKQRRV 133
QcFb58 RPSKCKSPNKVCFTPRASS QVAVAPKRETDPKKRV 67
Consensusr r | s SS t k rrv

QcFb29  AQLI CEKRLRRLSPFFVPRI LI NVASGHVSVKYGF 204
QFb30 :::ccccttrtcctrtttttsttccssttasnennn, 0
QcFb33  AQLI CEKRLRRLSPFFVPRI LI NVASGHVSVKYGF 205
QcFb47 1EALRI S. YKKVNPFCVPFATTNVGSAVLAVDLGW 283
QcFb51 VQALI EKGHKRI TPFFI PYAI TNVASALLAI DLGL 217
QcFb53 1 EALRI S. YKKMVNPFCVPFATTNNGSAVLANDLGW 289
QcFb58 VQALI EKGHKRI TPFFI PYAI TNVASALLAI DLGL 217
Consensus qal ek Kkr pffvp a tnnasa landlg

QcFb29 PNHAAVTACATGAHS I| GDAARMI LFGDADVNVA 239
GBS0 il i e i i s A N i 0

QcFb33 PNHAAVTACATGAHS I|GDAARNI LFGDADVNVA 240
QcFb47 PNYSI STACATSNFCI LSAANHI I RGEADLNVNLC 318
QcFb51 PNYSI STACATSNYCHYAAANHI RRGEADLNMI A 252
QcFb53 PNYSI STACATSNFCI LSAANHI I RGEADLNLC 324
QcFb58 PNYSI STACATSNYCHYAAANHI RRGEADLNMI A 252

Consensus ngpnysistacatsn ci] aanhi rgeadlm a

QcFb29  GVAPLTLNLSQPDLVFSDAFNPLTASKQVNNI TAAV. 449
QcFb30  GVAPLTLNLSQPDLVFSDAFVPLTASKQVNI TAAV 166
QcFb33  GVAPLTLNLSQPDLVFSDAFNPLTASKQVNI TAAV 450
QcFb47  GWLHPNVNLENPDEGVDTKLLVGPEKERNDI KAAL 524
QcFb51  GWLHPTI NQFNPEPSVEFNTVPN. EKQQHEVNVAI 457
QcFb53  GWLHPNVNLENPDEGVDTKLLVGPEKERVDVKAAL 530
QcFbS8  GWLHPTI NQFNPEPSVEFNTVPN. EKQQHEVNVAI 457

Consensus gwl hpt nl npd v p ek qmi aa

QcFb29 SNSFGFGGTNTSLLFTKVS 468
QcFb30 SNSFGFGGTNTSLLFTKVS 185
QcFb33 SNSFGFGGTNTSLLFTKVS 469
QcFb47 SNSFGFGGQNSSI VFAPYK 543
QcFb51  SNSFGFGGHNSVVVFSAFK 476
QcFb53 SNSFGFGGQNSSI VFAPYK 549
QcFb58 SNSFGFGGHNSVVVFSAFK 476
Consensus snsfgfgg nss vf k

Kl 3 2 KASIT&EHFHIXT LSS

Fig. 3 Alignment of KAS II protein sequences in quinoa
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